ABSTRACT Bulgaria carried 164bp, 174bp, 194 bp, 196 bp and Xgwm 261 variants over 200bp. 
Introduction
Modern breeding and farming is based on the use of high-value hexaploid, bred wheat varieties for high and stable yields. One of the factors controlling these quality characteristics in hexaploid wheat is plant height. Since 1960s, one of the major strategies in wheat breeding has been the introduction of dwarfing and semidwarfing genes (1, 2) . The semidwarf stature for wheat has been shown to permit increased yield through height reduction and lodging prevention.
Plant height in common wheat is controlled by complex set of genes located on different chromosomes. According to McIntocsh catalogue (1995) (3) 21 genes have a major effect on plant height. The major genes determined plant height are usually classified into 2 groups in wheat depending on their reaction to exogenous gibberellic acid (GA). The GA insensitive dwarfing genes are located on chromosomes 4B (Rht-B1b) and 4D (Rht-D1b) and the detailed studies showed that the presence of these genes reduced plant height on average 16% and positively correlated with increasing the spikelet fertility and yield by 24% (4) . In addition to the reduction of plant height, Rht-B1b and Rht-D1b also reduce coleoptile length and early vigor (5) . GA insensitive dwarfing genes Rht-B1b, Rht-D1d and Rht-B1d originate from the old Japanese varieties Norin10 and Saitama 27. These genes are present in the vast majority of the world's semi-dwarf wheat varieties and represent one of the major factors for the "Green revolution". Despite the benefit of Rht-B1b and RhtD1b genes in most environments (6, 7) a negative correlation between these genes and plant fertility leading to low yields has been obtained in Southern-European climatic conditions which is due to the susceptibility to heat stress around the time of heading (8) . This fact led to search of alternative genes which can reduce plant height without affecting fertility in the climatic conditions of South-Eastern Europe. This group includes GA responsive dwarfing genes located on chromosomes 2A /Rht7, (9)/; 2D /Rht8, (10)/; 5A /Rht12, (11)/; 7B /Rht9, (6)/.
The GA responsive semi-dwarfing genes Rht8 and Rht9 and Photoperiod Insensitive height-reduction gene (Ppd-D1) of the old Japanese variety Akakomugi have been first introduced into Italian germplasm by the wheat breeder Strampelli at the beginning of 20th century (12) who aimed at producing short skimmed varieties with earlier flowering dates to avoid the heat stress during ear emergence. Through breeding programs for high yielding wheat these genes have been widespread in South-Eastern European areas (Yugoslavia, Bulgaria, Ukraine, etc.) where high temperatures and drought in summer restrict the potential of GA insensitive dwarfing genes. Several studies (10, 13, 14) showed that the introduced in South-Eastern European wheat Rht8 gene reduced height by 10% without significant yield reduction. Different analyses such as the response to exogenous GA (gibberellin test), genetic studies and DNA based marker analysis have been extensively used to identify and to classify the semi-dwarfing genes in worldwide wheat varieties. The tight linkage (0.6 cM) between semi-dwarfing gene Rht8 and microsatellite marker Xgwm 261 on the short arm of 2DS chromosome (15) greatly facilitated the recognition and analysis of the distribution of Rht8 gene in common hexaploid wheat. This study aimed at the distribution of allelic variants at Xgwm 261 tightly linked to the semi-dwarfing gene Rht8 in advanced breeding lines and modern wheat varieties from Bulgarian and Belgian gene banks and creation of molecular database for the purposes of breeding programs.
Materials and Methods
Plant material and DNA isolation A total of 174 winter wheat genotypes from the gene bank collections of Dobrudja Agricultural Institute, General Toshevo (89 genotypes), Bulgaria and CRAW, Gembloux, Belgium (85 genotypes) were used in this study. Most of Bulgarian wheat breeding lines and varieties were released since 1960.
DNA was isolated from 3-4 weeks old plants using CTAB method according to the procedure of Murray and Tompson (20) with minor modifications.
Microsatellite analysis
Microsatellite analysis of Xgwm 261 locus was carried out according to Roder et al. (21) . Amplification was carried out in the Gene 2700 Thermocycler using Cy5' labelled forward and unlabelled reverse primers developed for microsatellite locus Xgwm 261. The amplified fragments were analyzed on automated laser fluorescence (AFL Express II) sequencer (Amercham Biosciences) using as internal standards 150 and 250 bp fragments amplified from pUC19 plasmid. Size of the fragments was estimated by the program Allele locator, version 1.03 (Amercham Biosciences).
Results and Discussion

Varietal screening at microsatellite locus Xgwm 261
A screen of 174 genotypes with origin from South-Eastern, Western and Central Europe of the gene banks of DAI, G. Toshevo and CRAW, Gembloux, Belgium showed 6 allelic variants at locus Xgwm 261 (164, 174, 192, 194, 196 , and 202 bp) ( Table 1 ). The majority of allelic variants were the same as reported by Worland et al. (22) , Ahmad and Sorrells (23), Bai et al. (24) and Ganeva et al. (19) . Allelic variants (165, 195, 197, 184, 188, 200, 203, 205, 210, 212 , and 215 bp) reported in these four surveys were not found in our samples. The varietal screening for allelic variants at the Xgwm 261 locus showed clear preferential selection of specific allelic variants in different climatic condition in Europe with prevalence of 192 bp allele in South-Eastern European wheat from the gene bank of DAI, G. Toshevo, Bulgaria and 174 bp in Western and Central European wheat from CRAW, Gembloux, Belgium ( Fig. 1) . Here we report for the first time the pre- (27) , or from the addition of non-templated terminal residues to PCR products by the Taq polymerase (28) . Based on the sequence analysis Schmidt et al. (2005) concluded that the 164 bp product is equivalent to the 165 bp fragment identified in other studies and speculated that the allele sizes have been adjusted to produce uniformity of results in previous investigations. With respect to the microsatellite region itself, Schmidt et al. (26) found that the 174 bp and 164 bp alleles actually represent (CT) 11 AG and (CT) 6 AG motifs respectively rather than (CT) 12 and (CT) 7 . Recently Liu et al. (29) studying the allelic variation at Xgwm 261 in 408 Chinese and 98 exotic varieties reported 13 allelic variants. Sequencing results of the obtained alleles revealed their absolute fragment sizes of 164, 174, 190, 192, 196, 200, 202, 204, 206 (23) .
The 174 bp allele at locus Xgwm 261 was present in 60 % of wheat varieties from the gene bank of CRAW, Gembloux, Belgium, whereas 32.94 % (28 genotypes) were with 164 bp allele ( Table 2 ). This distribution of the allelic variants at locus Xgwm 261 is not accidental because most of varieties from the gene bank of CRAW are with origin from Western, Central and North Europe. The prevalence of 174 bp allele is due to the selective advantage of photoperiod sensitive wheat and the linkage of ppd1 to this allele in some of progenitors such as traditional varieties like Cappelle-Desprez that shows a good adaptability to the climatic conditions of NorthWestern Europe (14) . In the past decades much attention has been given to photoperiod insensitive wheat in French breeding program. It is now accepted by French breeders that photoperiod insensitivity of-fers improved adaptability to varieties bred for growing in the South of France. (14) . Some of these varieties such as Soisson have a commercial success in the north of France and UK. The Soisson has gained 6% share of the wheat acreage 6 years ago. Four varieties Paradis, Poseidon, Castell and Acteur from the gene bank of CRAW, Gembloux, Belgium carried the 196 bp allele. This allele was found in 2.87% of wheat varieties and lines from Bulgarian and Belgian gene banks. In this study two varieties with the same name Castell from both gene banks were found to carry different alleles at locus Xgwm
